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POSITIONING DEVICE, MOBILE STATION
AND POSITIONING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2012-
237107, filed on Oct. 26, 2012, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a posi-
tioning device, a mobile station and a positioning method.

BACKGROUND

As high-quality and high-speed wireless communications
in indoor environments has become important, femto base
stations are being widely used as small-sized base stations
installed in indoor areas of commercial facilities, office build-
ings or the like. In particular, as long Term Evolution (LTE)
has been recently introduced as a new air interface replacing
Wideband-Code Division Multiple Access (W-CDMA), LTE
femto base stations are anticipated to be widely used. Mean-
while, as high-performance multi-functional mobile stations
such as smart phones have become prevalent, various services
using location information of the mobile stations are being
provided. However, in indoor environments. Global Position-
ing System (GPS) is out of service and the sensitivity of a
geomagnetic sensor is low. For this reason, in order to provide
such a service using location information of a mobile station
to a user in an indoor area, it is effective that a mobile station
measures a location thereof (i.e., performs a positioning) by
using a radio signal from a femto base station. Typical indoor
positioning techniques include RF (Radio Frequency) pattern
matching, which may be referred as RF fingerprint, and
multi-point positioning such as three-point positioning, for
example.

Related art is disclosed in Japanese Laid-open Patent Pub-
lication No. 10-84571, Japanese Laid-open Patent Publica-
tion No. 2001-428222, and Japanese Laid-open Patent Pub-
lication No. 2005-147747.

However, since ail the aforementioned positioning tech-
niques mainly use wireless quality information between a
mobile station and a femto base station to measure a location
of'the mobile station, they have the following problem. In the
positioning techniques, wireless quality information (e.g.,
Reference Signal Received Power (RSRP) or Reference Sig-
nal Received Quality (RSRQ)) acquired from a mobile sta-
tion, which is a positioning target, is mainly used. Therefore,
when measuring a location of the mobile station, an installa-
tion situation of the mobile station (e.g., a direction of the
mobile station or whether the mobile station is in contact with
other object) or a surrounding environment of the mobile
station (e.g. a degree of loss in wireless propagation) is not
considered, whereby implementation of accurate positioning
of'the mobile station being impeded. This problem is particu-
larly significant when the mobile station is in contact with
another object (e.g., when the user brings the mobile station
into contact with their ear for a voice call) or when there is a
shielding object in the vicinity of the mobile station (e.g.,
when the user carries the mobile station in a bag).

SUMMARY

According to an aspect of the embodiments, a positioning
device includes: a receiving unit configured to receive wire-
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2

less quality information indicating wireless quality between a
mobile station and a base station and information indicating a
direction and an orientation of the mobile station; a determin-
ing unit configured to acquire measuring data to be used for
measuring a location of the mobile station based on the direc-
tion and the orientation, from data in which each of regions as
location candidates of the mobile station is associated with
respective wireless quality information; and a measuring unit
configured to measure the location of the mobile station based
on the wireless quality information and the measuring data.

The object and advantages of the disclosure will be realized
and attained by means of the elements and combinations
particularly pointed, out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the disclosure.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a functional configuration of a position-
ing system.

FIG. 2 illustrates a hardware configuration of a positioning
device.

FIG. 3 illustrates a hardware configuration of a mobile
station.

FIG. 4 is a sequence diagram illustrating an operation of
generating an RF pattern matching DB.

FIG. 5A illustrates directions of a mobile station.

FIG. 5B illustrates corresponding relationships between
directions of a mobile station and values of an angular accel-
erometer.

FIG. 6 illustrates corresponding relationships between
directions and orientations of the mobile station and values of
geomagnetic sensors.

FIG. 7 illustrates an example of mesh IDs given to a target
area.

FIG. 8 illustrates an example of cells disposed in a target
area.

FIG. 9 illustrates a format of data provided from a mobile
station to a positioning device.

FIG. 10 illustrates average values of wireless quality infor-
mation of data provided from a mobile station to a positioning
device and wireless stability.

FIG. 11 illustrates an RF pattern stored in a RF pattern
matching DB of a positioning device.

FIG. 12 is a sequence diagram illustrating an operation of
measuring a location of a mobile station.

FIG. 13 illustrates a format of data collected by a mobile
station at a start of positioning.

FIG. 14 illustrates a format of collected data after direc-
tions and orientations of a mobile station are determined.

FIG. 15 is a flow chart illustrating a determination process
executed by a positioning device to determine whether wire-
less stability is required to be used.

FIG. 16 illustrates a format of collected data after a deter-
mination process as to whether wireless stability is required
to be used is executed.

FIG. 17 illustrates an example of storing data in a reference
table to assist in determining the situation of a mobile station.

FIG. 18 illustrates a format of collected data after deter-
mining the situation.

FIG. 19 illustrates an RF pattern as a matching target with
wireless quality information of a mobile station.

FIG. 20 illustrates a positioning result displayed on a dis-
play of a mobile station.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of a positioning device, a
mobile station and a positioning method disclosed in the
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present disclosure will be described in detail with reference to
the drawings. Further, the positioning device, the mobile sta-
tion and the positioning method disclosed in the present dis-
closure are not limited to the following embodiments.

The configuration of a positioning system according to an
embodiment disclosed in the present disclosure will be
described below. FIG. 1 illustrates a functional configuration
of'a positioning system. As illustrated in FIG. 1, the position-
ing system 1 includes a positioning device 10, a base station
20 and a mobile station 30. The positioning device 10 is
installed in a station building or an office of a mobile operator
and wired-connected to the base station 20 via a fixed com-
munication network N. The fixed communication network N
is a network for connecting the positioning device 10 and the
base station 20. For example, the fixed communication net-
work N is a wide area Ethernet™ network or an optical fiber
network. Further, the base station 20 is wirelessly connected
to the mobile station 30.

The positioning device 10 includes a positioning unit 11, a
CN (core network) unit 12 and a fixed line IF (interface) unit
13. The positioning unit 11 measures a location of the mobile
station 30 based on location-related information collected
from the mobile station 30, and feeds-back the measurement
results to the mobile station 30. Further, the positioning unit
11 generates an RF pattern matching DB (database) 117 to be
referred to when performing a positioning of the mobile sta-
tion 30. The positioning unit 11 includes a location-related
information transceiver unit 111, a direction/orientation
determining unit 112, a wireless stability determining unit
113, a situation determining unit 114, a positioning executing
unit 115, an RF pattern data input unit 116 and the RF pattern
matching DB 117. The respective components are coupled to
each other such that unidirectional or bidirectional input/
output of a signal or data is allowed.

The location-related information transceiver unit 111
receives location-related information collected by the mobile
station 30 and outputs the location-related information to the
direction/orientation determining unit 112, the wireless sta-
bility determining unit 113, the situation determining unit 114
and the positioning executing unit 115. Further, the location-
related information transceiver unit 111 receives positioning
results of the mobile station 30 from the positioning executing
unit 115 and transmits the positioning results to the mobile
station 30. The direction/orientation determining unit 112
determines a current direction and orientation of the mobile
station 30 based on angular accelerometer information and
geomagnetic sensor information obtained by the mobile sta-
tion 30. In addition, the direction/orientation determining unit
112 specifies, among RF patterns stored in the RF pattern
matching DB 117, an RF pattern to be used for positioning
based on the determination results.

The wireless stability determining unit 113 determines
whether to use stability of a wireless line (wireless stability)
around the mobile station 30 for the purpose of positioning
the mobile station 30 on the basis of the angular accelerom-
eter information and variation of wireless quality information
for a certain time obtained by the mobile station 30. The
situation determining unit 114 determines a current situation
of the mobile station 30 on the basis of the angular acceler-
ometer information, proximity sensor information and illu-
mination sensor information obtained by the mobile station
30. In addition, the situation determining unit 114 subtracts a
wireless propagation loss value corresponding to the situation
of the mobile station 30 from an average value of wireless
quality information registered with the RF pattern matching
DB 117. Thus, the RF pattern in the RF pattern matching DB
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4

117 is corrected into a value reflecting the wireless propaga-
tion loss between the mobile station 30 and the base station
20.

The positioning executing unit 115 specifies, by using a
least square method, a mesh ID which minimizes a difference
between the wireless quality information of the mobile sta-
tion 30 as a transmission source of data received by the
location-related information transceiver unit 111 and the
wireless quality information registered in advance with the
RF pattern matching DB 117, thereby measuring a current
location of the mobile station 30. The RF pattern data input
unit 116 calculates wireless stability by using the wireless
quality information of the mobile station 30 as a transmission
source of the data received by the location-related informa-
tion transceiver unit 111 and the angular accelerometer infor-
mation. Further, the RF pattern data input unit 116 associates
values indicating the wireless quality information of the
mobile station 30 with the wireless stability to the mesh 1D
and stores the associated values, wireless stability and mesh
ID in the RF pattern matching DB 117.

The RF pattern matching DB 117 stores information input
from the RF pattern data input unit 116. Further, the RF
pattern matching DB 117 executes an updating process or a
masking process on the RF pattern stored in the RF pattern
matching DB 117 according to requests from the direction/
orientation determining unit 112, the wireless stability deter-
mining unit 113 and the situation determining unit 114. Fur-
thermore, when a positioning request is input from the
positioning executing unit 115, the RF pattern matching DB
117 provides location information (e.g., the mesh ID) to be
provided to the mobile station 30, to the positioning executing
unit 115.

The CN unit 12 corresponds to an EPC (Evolved Packet
Core) node in LTE. The CN unit 12 is a terminating unit of a
wireless communication network and has a terminating func-
tion or an authentication function of a mobile-related proto-
col. The fixed line IF unit 13 serves as a line interface for
coupling the positioning device 10 and the base station 20.

Next the configuration of the base station 20 will be
described. The base station 20 is, for example, a femto base
station which can easily perform a positioning process in an
indoor environment but it may also be a micro base station, a
macro base station or the like. The base station 20 includes a
fixed line IF (interface) unit 21, a wireless controller 22 and a
wireless processing unit 23. These respective components are
coupled to each other such that unidirectional or bidirectional
input/output of a signal or data is allowed. The fixed line IF
unit 21 serves as a line interface for coupling the base station
20 and the positioning device 10 via Ethernet™ or optical
fiber. The wireless controller 22 controls wireless communi-
cation between the mobile station 30 and the base station 20.
The wireless controller 22 also controls communication con-
nections (sessions), communication channels (transport
channels) and the like according to an Radio Resource Con-
trol (RRC) protocol of the 3"/ Generation Partnership Project
(3GPP). The wireless processing unit 23 transmits to and
receives from the mobile station 30 a radio signal by using a
physical channel according to a communication protocol
standardized by the 3GPP.

Next, the configuration of the mobile station 30 will be
described. The mobile station 30 may be a terminal used by a
user to perform various types of communications such as data
communication via the internet network, voice communica-
tion via a public switched network or a mobile communica-
tion network and the like. The mobile station 30 includes a
wireless processing unit 31, a wireless controller 32, an appli-
cation executing unit 33, an Operating System (OS) unit 34, a
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Graphical User Interface (GUI) unit 35 and a sensor unit 36.
These respective components are coupled to each other such
that unidirectional or bidirectional input/output of a signal or
data is allowed.

The wireless processing unit 31 performs wireless commu-
nication between the base station 20 and the mobile station
30. The wireless processing unit 31 transmits to and receives
from the base station 20 a radio signal by using a physical
channel based on a communication protocol standardized by
the 3GPP. In order to secure a stable communication path, the
mobile station 30 collects wireless quality information from a
plurality of base stations including the base station 20. The
wireless controller 32 controls wireless communication
between the mobile station 30 and the base station 20. The
wireless controller 32 controls communication connections
(sessions), communication channels (transport channels) and
the like based on communication protocols standardized by
the 3GPP. The wireless controller 32 receives the wireless
quality information of each base station from the wireless
processing unit 31 and transmits the wireless quality infor-
mation to the OS unit 34.

The application executing unit 33 has three main functions
including: a function of pre-registrating a wireless quality
information; a function of positioning; and a function of
displaying positioning result. In the function of pre-registrat-
ing, the application executing unit 33 collects, via a standard
Application Program Interface (API) of the OS unit 34 in
response to a manipulation of the GUI unit 35, various types
of sensor information obtained by the sensor unit 36 and the
wireless quality information obtained by the wireless control-
ler 32 to create the foregoing RF pattern matching DB 117.
For example, a total of twenty-four patterns of six directions
(£X, £Y and +Z)xfour orientations (north, south, east and
west) are collected at every mesh, and the collected informa-
tion is transmitted by the wireless processing unit 31 to the
positioning device 10. In the function of positioning, the
application executing unit 33 collects, via the standard API of
the OS unit 34, various types of sensor information obtained
by the sensor unit 36 and the wireless quality information
obtained by the wireless controller 32 to measure a current
location of the mobile station 30. This type of information is
transmitted by the wireless processing unit 31 to the position-
ing device 10 to be used for positioning. In the function of
displaying, the application executing unit 33 displays a mesh
1D specified by the positioning executing unit 115 on the GUI
unit 35, as positioning results.

The OS unit 34 provides various types of information, for
example, the sensor information obtained by the sensor unit
36 and the wireless quality information obtained by the wire-
less controller 32, to the application executing unit 33. Fur-
ther, the OS unit 34 has a function for allowing the application
executing unit 33 to operate the GUI unit 35. The OS unit 34
is implemented by, for example, an OS for smart phones, such
as Android®, i0S®, Windows-Phone® or the like. The GUI
unit 35 may be an interface for connecting a user of the mobile
station 30 and the application executing unit 33, and may
provide a display unit such as a display and an input unit such
as a keyboard or a touch panel.

The sensor unit 36 includes a sensor, for example, an angu-
lar accelerometer, a geomagnetic sensor, a proximity sensor
oran illumination sensor, and provides measurement result of
the sensor to the OS unit 34. The sensor unit 36 may include
ail these sensors. The angular accelerometer detects, for
example, whether the mobile station 30 moves or a direction
of'the mobile station 30. The geomagnetic sensor detects, for
example, an orientation of the mobile station 30, for example,
one orientation selected from north, south, east and west. The
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proximity sensor detects, for example, whether an object
(including people) exists around the mobile station 30. The
proximity sensor may also detect a position of an objector a
distance from the mobile station 30 to an object, as well as the
presence or absence of an object. The illumination sensor
may detect, for example, so intensity of illumination around
the mobile station 30, and determines whether the perimeter
of'the mobile station 30 is bright by comparing the intensity of
illumination and a threshold value.

Next, hardware configurations of the positioning device 10
and the mobile station 30 will be described. F1G. 2 illustrates
a hardware configuration of a positioning device. As illus-
trated in FIG. 2, the positioning device, for example, the
positioning device 10 illustrated in FIG. 1, includes a switch
10a. A CPU (Central Processing Unit) 105, a memory 10c
such as an Synchronous Dynamic Random Access Memory
(SDRAM), an Hard Disk Drive (HDD) 10d and an Network
Interface Card (NIC) 10 e are coupled via the switch 10a such
that input and output of various signals and data with each
other are allowed. The position-related information trans-
ceiver unit 111 is implemented by, for example, the NIC 10e,
the CPU 105 and the memory 10c¢. The direction/orientation
determining unit 112, the wireless stability determining unit
113, the situation determining unit 114, the positioning
executing unit 115 and the RF pattern data input unit 116 are
implemented by, for example, the CPU 105 and the memory
10c. The RF pattern matching DB 117 is implemented by, for
example, the HDD 104 or the memory 10c¢. The CN unit 12
and the fixed line IF unit 13 are implemented by, for example,
the NIC 10e.

FIG. 3 illustrates a hardware configuration of a mobile
station. As illustrated in FIG. 3, the mobile station, for
example, the mobile station 30 illustrated in FIG. 1, includes
a switch 30a. A CPU 305, a memory 30c, a display 304, a
Digital Signal Processor (DSP) 30¢, a Radio Frequency (RF)
circuit 30f'and a sensor chip 305 are coupled via the switch
30a such that input and output of various signals or data with
each other are allowed. Further, the RF circuit 30f has an
antenna 30g. The wireless processing unit 31 of the mobile
station 30 is implemented by, for example, the RF circuit 30f.
The wireless controller 32 is implemented by, for example,
the DSP 30e. The application executing unit 33 and the OS
unit 34 are implemented by, for example, the CPU 305 and the
memory 30c¢ such as a flash memory or an SDRAM. The GUI
unit 35 is implemented by, for example, the display 304 such
as an liquid Crystal Display (LCD) or an Electro-Lumines-
cence (EL). The sensor unit 36 is implemented by, for
example, the sensor chip 30/. The sensor chip 30/ includes,
for example, an Integrated Circuit (IC) capable of detecting
an angular acceleration, a geomagnetic direction, the pres-
ence or absence of an adjacent object, a position of the adja-
cent object, a distance to the adjacent object, an intensity of
illumination or the like.

Next, the operation of the positioning system 1 according
to the present embodiment will be described. In the following
description, the operations of the positioning system 1 will be
described by dividing them into an operation of generating
the RF pattern matching DB 117 as preprocessing and an
operation of measuring a current location of the mobile sta-
tion 30 as positioning.

FIG. 4 is a sequence diagram illustrating an operation of
generating a RF pattern matching DB. First, when the user of
the mobile station 30 instructs via the GUI unit 35 to provide
wireless quality information (S11), the application executing
unit 33 obtains wireless quality information regarding the
direction and orientation of the mobile station 30 in units of
one mesh, which is the minimum positioning unit of a posi-
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tioning target area (hereinafter, simply referred to as “target
area”) (S12). Accordingly, a total of twenty-four patterns,
e.g., six directions (+X, Y and +Z)xfour orientations (north,
south, east and west), for example, are obtained for each
mesh.

Then, the application executing unit 33 transmits the wire-
less quality information obtained in operation S12 to the
positioning device 10 via the wireless controller 32 and the
wireless processing unit 31 (S13). The wireless quality infor-
mation reaches the positioning device 10 through the base
station 20 and the fixed communication network N, and then
is input to the RF pattern data input unit 116 through the fixed
line IF unit 13 and the CN unit 12. The RF pattern data input
unit 116 calculates wireless stability around the mobile sta-
tion 30 using the input wireless quality information (S14). In
addition, the RF pattern data input unit 116 associates the
wireless quality information input in operation S13 and the
value of wireless stability calculated in operation S14 with a
mesh ID, and stores the associated information, values, and
mesh ID in the RF pattern matching DB 117 (S15).

The sequential processing in operations S12 to S15 is
executed for every mesh belonging to the target area (S16). As
a result, for example, twenty-four RF patterns are registered
with the RF pattern matching DB 117 for each of a plurality
of mesh IDs assigned to meshes (e.g., twenty-five meshes)
within the target area in one-to-one correspondence.

FIG. 5A illustrates directions of a mobile station. As illus-
trated in FIG. 5A, in the present embodiment, an X axis is
defined as a horizontal direction and a'Y axis is defined as a
vertical direction when the display 304 of the mobile station,
for example, the mobile station 30 illustrated in FIG. 1, faces
forward. Also, a Z axis is defined as a depth direction (thick-
ness direction) of the mobile station 30. Further, a state where
the mobile station 30 is used by the user in a vertically long
posture as illustrated in FIG. 5A will be referred to as a
portrait state, and a state where the mobile station 30 is used
by the user in a horizontally long posture will be referred to as
a landscape state.

FIG. 5B illustrates corresponding relationships between
directions of a mobile station and values of an angular accel-
erometer. As illustrated in FIG. 5B, directions of the mobile
station, for example, the mobile station 30 illustrated in FIG.
1, are defined by values of an angular accelerometer. For
example, when the mobile station 30 is placed on a desk or the
like such that the display thereof faces the sky, only a value in
the Z-axis direction, among values of the angular accelerom-
eter, is approximately “-1.00 (gravitational acceleration)”
and other values are approximately “0.00”. A direction num-
ber in this easels specified by “1”. Conversely, when the
mobile station 30 is placed on a desk or the like such that the
display thereof faces the ground, a value in the Z-axis direc-
tion, among the values of the angular accelerometer, is
approximately “+1.00” and other values are approximately
“0.00”. A direction number in this case is specified by “2”.
Similarly, for example, when the mobile station 30 is used
such that a right side thereof faces the sky for watching a
movie or the like in the landscape state, the value in the X-axis
direction, among the values of the angular accelerometer, is
approximately “-1.00” and the other values are approxi-
mately “0.00”. A direction number in this case is specified by
“3”. In addition, when the mobile station 30 is used such that
an upper side thereof faces the sky for internet surfing or the
like in the portrait state, the value in the Y-axis direction,
among the values of the angular accelerometer, is approxi-
mately “~1.00” and the other values are approximately
“0.00”. A direction number in this case is specified by “5”.
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FIG. 6 illustrates corresponding relationships between
directions and orientations of a mobile station and values of a
geomagnetic sensor. As illustrated in FIG. 6, orientations are
specified for each direction of the mobile station, for example,
the mobile station 30 illustrated in FIG. 1, based on values
obtained by the geomagnetic sensor. For example, when a
direction number is “1” and a value of the geomagnetic sensor
is “0 degrees” in the -Y direction, the mobile station 30 is
placed on a desk or the like such that the display thereof faces
the sky and an upper side (a top side) thereof faces north.
Further, when a direction number is “3” and a value of the
geomagnetic sensor is “90 degrees” in the —Z direction, the
mobile station 30 is used such that a right side thereof faces
the sky in the landscape state and the upper side thereof faces
east. Further, when a direction number is “5” and a value of
the geomagnetic sensor is “180 degrees” in the -7 direction,
the user uses the mobile station 30 such that the upper side
thereof faces the sky in the portrait state and also faces south.
In this manner, a total of twenty-four RF patterns exist for
each mesh according to the combination of the directions and
the orientations of the mobile station 30. In addition, dotted
portions in FIG. 6 may not be factors for use in determining
orientation and may not be considered in specifying the RF
patterns for use in positioning.

FIG. 7 illustrates an example of mesh IDs given to a target
area. As illustrated in FIG. 7, the target area A1 within a store
or the like is divided into a mesh configuration at certain
intervals, and mesh IDs al to e5 are assigned to respective
meshes (divided regions or partitions). One side of each mesh
may be appropriately set and changed by an operator accord-
ing to the area of the target area Al, desired precision of
positioning, whether the mobile station 30 is in an indoor
environment or the like. However, in terms of implementing
positioning with high precision, one side of each mesh may
range from 1 m to 10 m (e.g., 5 m). For example, one side of
the mesh may be adjusted by the operator to be approximately
10 m if the target area Al is a large area such as a square, and
may be adjusted by the operator to be approximately 1 m ifthe
target area Al is a small area such as an exhibit ball. Further,
although the shapes and areas of the respective meshes are
uniform in the example illustrated in F1G. 7, the meshes may
have different shapes or areas. Also, the manner in which the
mesh [Ds are assigned is not limited to the example illustrated
in FIG. 7 and mesh IDs may be assigned radially or may be
assigned in a three-dimensional (3D) manner when the target
area is formed throughout a plurality of floors.

FIG. 8 illustrates an example of cells disposed in a target
area. The respective LTE femto base stations are installed
with an interval of about 5 m within the target area Al and
form cells C1 to C17 having a radius of about 10 m. As
illustrated in FIG. 8, the respective meshes al to e5 are equi-
spaced by 5 m within the target area Al. Since the transmis-
sion power of the respective LTE femto base stations can
reach about tens of meters, the respective cells C1 to C17 are
formed within the target area Al in an overlapping manner
and enhance wireless communication quality.

Next, with reference to FIG. 9, the wireless quality infor-
mation obtained by the application executing unit. 33 of the
mobile station 30 in operation S12 of FI1G. 4 will be described.
FIG. 9 illustrates a format of data provided from a mobile
station to a positioning device. The mobile station may be the
mobile station 30 illustrated in FIG. 1 and the positioning
device may be the positioning device 10 illustrated in FIG. 1.
Since the respective base stations correspond to the cells C1
to C17 in a one-to-one, the cell IDs (e.g., C1 to C3) can be
used as identification information of the base stations (base
station IDs) as illustrated in FIG. 9. As illustrated in FIG. 9,
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stored in the format F1 of date provided from the mobile
station 30 to the positioning device 10 is the wireless quality
information of the base station 20 with which the mobile
station 30 communicates in every direction and every orien-
tation described above with reference to FIGS. 5B and 6. In
the format F1, the wireless quality information regarding the
closest base station 20 to the mobile station 30 is first stored,
and not only single wireless quality information but also n
number of wireless quality information (where n is a natural
number) may be stored for each direction and orientation.
Also, as for a time at which the wireless quality information
to be stored in the format F1 is measured, not only wireless
quality information measured at single time t1 but also a
multiple number of wireless quality information measured at
aplurality number of times (e.g., times t1 to t3) may be stored
for each direction and orientation. With this configuration,
wireless quality information having high precision can be
provided while suppressing an influence of sequential or
unexpected change of wireless quality between the mobile
station 30 and the base station 20.

InFIG. 9, for example, when the mobile station 30 is placed
such that the display thereof faces the sky and faces north in
the mesh al, the mobile station 30 communicates at least with
the base station 20 forming the cell C1. Thus, the mobile
station 30 obtains wireless quality information of the base
station 20 at every certain time. For example, the mobile
station 30 obtains “-~105 dBm” as wireless quality informa-
tion of the cell C1 at time t1 and then obtains “~110 dBm” and
“~115 dBm” as wireless quality information of the cell C1 at
times t2 and t3, respectively. The wireless quality information
is collected as base station information B1, stored in the
format F1, and then transmitted to the positioning device 10
through the base station 20 and the fixed communication
network N, together with other base station information B2 to
Bn. In the above, the wireless quality information when the
direction number is “1” and the orientation is “north” has
been described by way of example, but wireless quality infor-
mation regarding other directions and orientations is also
stored in a similar manner. Further, the mesh ID al has been
described by way of example, substantially the same format
of data is also generated and provided for the other mesh IDs
a2 to eS.

Next, wireless stability calculated by the RF pattern data
input unit 116 of the positioning device 10 in the operation
S14 of FIG. 4 will be described with reference to FIG. 10. The
RF pattern data input unit 116 of the positioning device 10
calculates wireless stability based on the wireless quality
information provided from the mobile station 30. For
example, since wireless stability decreases as a standard
deviation of the wireless quality information at times t1 to t3
increases, the positioning device 10 may use the standard
deviation as an indicator of wireless stability. FIG. 10 illus-
trates average values of wireless quality information of data
provided from a mobile station to the positioning device and
wireless stability. The mobile station may be the mobile sta-
tion 30 illustrated in FIG. 1 and the positioning device may be
the positioning device 10 illustrated in FIG. 1. For example,
when the direction number is “1” and the orientation is
“north”, the wireless quality information of the cell C1 at
times tl to t3 is “~105 dBm”, “~110 dBm” and “~115 dBm”,
respectively (see FIG. 9). Thus, as illustrated in FIG. 10, an
average value of the wireless quality information is calculated
as “=110 dBm” ((-105-110-115)/3 dBm). Further, a stan-
dard deviation as wireless stability is calculated as, for
example, “5”.

Next, the RF pattern R1 stored in the RF pattern matching
DB 117 of the positioning device 10 in the operation S15 of
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FIG. 4 will be described with reference to FIG. 11. FIG. 11
illustrates a RF pattern stored in a RF pattern matching DB of
apositioning device. The RF pattern matching DB may be the
RF pattern matching DB 117 illustrated in FIG. 1. As illus-
trated in FIG. 11, the average values of the wireless quality
information provided from the mobile station 30 and wireless
stability are associated with the mesh IDs and the average
values and the wireless stability are stored in the RF pattern
matching DB 117 in such a manner that they can be updated.
In FIG. 11, only the wireless quality information having the
mesh ID of “al” and the direction number of “1” is illustrated
for the sake of convenience. However, wireless quality infor-
mation associated with all the direction numbers 1 to 6 of all
the mesh IDs al to e5 constituting the target area A1 may be
scored in the RF pattern matching DB 117. Accordingly, no
matter where the mobile station 30 is located in the target area
A1, the positioning device 10 may specify an RF pattern to be
used based on the direction and orientation of the mobile
station 30 and may estimate a current location of the mobile
station 30 by using the wireless quality information of the RF
pattern.

Next, a positioning process executed after the creation of
the RF pattern matching DB 117 is completed will be
described.

FIG. 12 is a sequence diagram illustrating an operation of
measuring a location of a mobile station. First, when the user
of the mobile station, for example, the mobile station 30
illustrated in FIG. 1, instructs the mobile station 30 to start
measurement of a current location thereof via the GUI unit 35
(521), the application executing unit 33 starts a positioning
program. According to the positioning program, the applica-
tion executing unit 33 collects wireless quality information
corresponding to a direction and orientation of the mobile
station 30 and sensor information detected from respective
sensors such as an angular accelerometer, a geomagnetic
sensor, a proximity sensor and an illumination sensor, by
using a standard API of the OS unit 34 (S22).

FIG. 13 illustrates a format F3 of data collected by amobile
station at a start of positioning. As illustrated in FIG. 13,
stored in the format F3 are wireless quality information of the
mobile station, for example, the mobile station 30 illustrated
in FIG. 1, having a mobile station ID “001” and sensor infor-
mation at every time t1 to t3. For example, RSRP values in the
cell C1 of “~105 dBm”, “~110 dBm” and “-115 dBm” at
times t1 to t3, respectively, are stored as the wireless quality
information. Similarly, the RSRP values at times t1 to t3 in
other cells C2 and C3 in which the mobile station 30 is located
are also stored in the format F3. Further, angular accelerom-
eter values in 3-axis (Z, X, and Y axes) directions at times t1
to t3 and geomagnetic sensor values in 3-axis (Y, X, and Z
axes) directions at times t1 to t3 are stored in the format F3.
Furthermore, “None” indicating a state where there is no
adjacent object around the mobile station 30, as a value of the
proximity sensor, and “bright” indicating a state where the
intensity of illumination is equal to or higher than a certain
value, as a value of the illumination sensor, are set at every
time t1 to t3 in the format F3.

Referring back to FIG. 12, after being collected for a cer-
tain period of time, the collected data is provided to the
positioning device 10 (S23). For example, the wireless con-
troller 32 transmits the wireless quality information obtained
in the operation S22 together with the sensor information, to
the positioning device 10 via the wireless processing unit 31.
The wireless quality information and the sensor information
reach the positioning device 10 through the base station 20
and the fixed communication network N, and is input to the
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location-related information transceiver unit 111 through the
fixed line IF unit 13 and the CN unit 12.

When the location-related information transceiver unit 111
outputs the wireless quality information and the sensor infor-
mation to the direction/orientation determining unit 112
(S24), the direction/orientation determining unit 112 deter-
mines a direction and orientation of the mobile station 30
based on the respective values of the angular acceleration
sensor and the geomagnetic sensor included in the sensor
information (S25). FIG. 14 illustrates a format of collected
data after directions and orientations of a mobile station are
determined. The mobile station may be the mobile station 30
illustrated in FIG. 1. As illustrated in FIG. 14, in the format
F4, “Direction No. 1: Display faces the sky” is additionally
set as a “direction” corresponding to the angular accelerom-
eter value in the format F3. Also, in the format F4, “north” is
added as “orientation” corresponding to the geomagnetic sen-
sor value in the format F3. Referring back to FIG. 12, the
direction/orientation determining unit 112 specifies an RF
pattern to be used for positioning the mobile station 30,
among the RF patterns stored in the RF pattern matching DB
117, based on the determination results in the operation step
S25 (S36).

The location-related information transceiver unit 111 out-
puts the wireless quality information and the angular accel-
erometer value to the wireless stability determining unit 113
(S27). The wireless stability determining unit 113 determines
whether to use wireless stability in positioning the mobile
station 30 based on variations of the wireless quality infor-
mation and the angular accelerometer value (S28). FIG. 15 is
a flow chart illustrating a determination process executed by
a positioning device 10 to determine whether wireless stabil-
ity is required to be used. The positioning device may be the
positioning device illustrated in FIG. 1. As illustrated in FI1G.
15, the wireless stability determining unit 113 determines
whether the angular accelerometer value received in the
operation S27 is changed at each time t1 to t3 (S281). When
it is determined that the angular accelerometer value is not
changed (“No” in S281), the wireless stability determining
unit 113 determines to use wireless stability and calculates an
average value and a standard deviation of wireless quality
information at times t1 to t3 (S282). Meanwhile, when it is
determined that he angular accelerometer value is changed
(“Yes” in S281), the wireless stability determining unit 113
determines not to use wireless stability in positioning the
mobile station 30 and calculates an average value of the
wireless quality information at times t1 to t3 (S283).

FIG. 16 illustrates a format of collected data after a deter-
mination process to determine whether a wireless stability is
required to be used is executed. In the format F5, the angular
accelerometer value is not changed over times t1 to t3 (i.e., the
angular accelerometer value is “~1.00” at any time t1 to t3),
the wireless quality information is changed at every time t1 to
t3 and “5S (use)” is additionally set as “wireless stability” as
illustrated in FIG. 16. In addition, “~110 dBm” is added as an
“average value of wireless quality information” in the format
F5.

Referring hack to FIG. 12, the location-related information
transceiver unit 111 outputs the direction determined by the
direction/orientation determining unit 112 in the operation
S25 and respective values of the angular accelerometer, the
proximity sensor and the illumination sensor to the situation
determining unit 114 (S29). The situation determining unit
114 determines a situation on which the mobile station 30 is
placed, based on the direction and the values of the respective
sensors (S30). The situation determining unit 114 subtracts a
wireless propagation loss value set for the situation deter-
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mined in the operation S30 from the average value of the
wireless quality information (S31).

FIG. 17 illustrates an example of storing data to be referred
to when determining a situation of a mobile station in a table.
Asillustrated in FIG. 17, in the table T3, the direction number
of'the mobile station 30, the values of the angular accelerom-
eter, the proximity sensor and the illumination sensor, and the
wireless propagation loss value are stored for each situation
number. In FIG. 17, when the value of the angular acceler-
ometer is “not 07, it indicates that the mobile station 30 is in
motion, and when the value of the angular accelerometer is
“07, it indicates that the mobile station 30 is motionless (sta-
tionary). For example, when the user is on the phone, the
mobile station 30 is generally used in the portrait state and in
motion according to user’s movement, and further there is an
adjacent object such as the user’s fingers, mouth or ear. For
this reason, “5” as a “direction number”, “not 0" as a value of
the “angular accelerometer”, “presence” as a value of the
“proximity sensor”, and “bright or dark™ as a value of the
“illumination sensor” are respectively associated with the
situation number “1” indicating a situation that the “user is on
the phone”. Also, while the user is on the phone, there is a high
possibility that a shielding object (e.g., the user’s hand or
face) or fluctuation may exist in the wireless line between the
mobile station 30 end the base station 20, and thus the wire-
less propagation loss is expected to be relatively high. Thus,
in the table T3, “10 dB” is set as a “wireless propagation loss
value” for the situation number “1”".

Similarly, for example, when the user places the mobile
station 30 on a desk such that it faces upwardly, the mobile
station 30 is generally motionless and there is a high possi-
bility that no adjacent object exists near the mobile station 30.
For this reason, “1” as a “direction number”, “0” as a value of
the “angular accelerometer”, “absence” as a value of the
“proximity sensor” and “bright” as a value of the “illumina-
tion sensor” are respectively assigned to the situation number
“3”. Further, when the mobile station 30 is placed on a desk,
the desk or any other object may act as an obstacle to the
wireless line, butin most cases, it is expected that a possibility
that a wireless propagation loss occurs is low. Thus, in the
table T3, “0 dB” is set as a “wireless propagation loss value”
for the situation number “3”.

Similarly, for example, when the user puts the mobile
station 30 in a bag, the mobile station 30 is generally received
in the bag in the landscape state (a state where the mobile
station 30 is laid down laterally), further, the mobile station 30
is in motion according to movement of the bag and the bag
becomes an adjacent object. For this reason, “3 or 4” as a
“direction number”, “not 0” as a value of the “angular accel-
erometer”, “presence” as a value of the “proximity sensor”
and “dark” as a value of the “illumination sensor” are respec-
tively assigned to the situation number “5” indicating “in
bag”. Also, since the bag shields the mobile station 30 when
the mobile station 30 is in the bag, it is expected that there is
a high possibility that a wireless connection between the
mobile station 30 and the base station 20 is almost completely
blocked and thus a wireless propagation loss is high. Thus, in
the table T3, the maximum wireless propagation loss of “15
dB” is set as a “wireless propagation loss value” for the
situation number “5”.

FIG. 18 illustrates a format of collected data after deter-
mining a situation. In the format F6 as illustrated in FIG. 18,
since “1” is stored as a “direction number” and the angular
accelerometer values in the Z-axis direction indicating a
direction of acceleration of gravity is “~1.00” at any time t2 to
13, it is anticipated that the mobile station 30 is motionless.
For this reason, the situation number of the mobile station 30
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is determined to be “3” which has a direction number of “1”
and the angular accelerometer value of “0”, among the situ-
ation numbers “1” to “6” stored in the table T3 (see FIG. 17).
Thus, “3” is set in the “situation number” field in the format
F6.

In the present embodiment, since a wireless propagation
loss value corresponding to the situation number “3” is “0
dB”, the average value “-~110 dBm” of the wireless quality
information is used as it is, without being subtracted (see F1G.
18). However, for example, when the wireless propagation
loss value is “10dB”, “10 dB” is subtracted from the average
value of the wireless quality information. As a result, the
average value of the wireless quality information is updated
from “~110 dBm” to “~120 dBm” in the format F6.

Referring back to FIG. 12, the location-related information
transceiver unit ill of the positioning device 10 outputs the
wireless quality information of the mobile station 30, which
has been input from the situation determining unit 114 in the
operation S31, to the positioning executing unit 115 (S32).
Uponreceiving the wireless quality information, the position-
ing executing unit 115 executes a positioning process (S33).
That is, the positioning executing unit 115 checks the wireless
quality information pre-registered with the RF pattern match-
ing DB 117 and the wireless quality information received in
step S32 to specify a mesh ID minimizing an error.

FIG. 19 illustrates an RF pattern as a matching target with
wireless quality information of a mobile station. As illustrated
in FIG. 19, at the time of the operation S33 in FIG. 12,
twenty-four RF patterns in every mesh ID are filtered to an RF
pattern having a direction number of “1”” and an orientation of
“north” through the processing in the operations S24 to S32.
Thus, the positioning executing unit 115 may search for, as a
matching target, the wireless quality information correspond-
ing to the filtered RF pattern in positioning the mobile station
30. The positioning executing unit 115 may search for only
the wireless quality information as a matching target.

Referring back to FIG. 12, in the foregoing operation S33,
the positioning executing unit 115 may use a least square
method, for example, as a method for matching the RF pat-
tern. The least square method is a method for obtaining an
approximated curve to a measurement value. Since the least
square method is a commonly used method, a detailed
description thereof will be omitted. When a value of wireless
quality information in the RF pattern matching DB 117 is
S,,, x, y and a measurement value of wireless quality informa-
tion by the mobile station 30 is R, a square error E(®) is
represented by Equation (1) below. In Equation (1), n is a
natural number ranging from “1” to “N” indicating an iden-
tification number of the base station information. Further, x
and y correspond to a mesh ID. For example, when the mesh
1D is “al”, x=1 and y=1, and when the mesh ID is “a2”, x=1
and y=2. Further, when the mesh ID is “b1”, x=2 and y=1, and
when the mesh ID is “b2”, x=2 and y=2.

N Equation (1)
E@ = (Sny— Ro)?

n=1

In the present embodiment, wireless quality information of
the mesh ID “al” is substantially equal to the wireless quality
information measured by the mobile station 30. Thus, in case
ofx’y=1, a value of the square error E(¢) is “0”, which may be
the minimum value. As a result, the positioning executing unit
115 obtains the mesh ID “al” as positioning results.
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The positioning executing unit 115 instructs the location-
related information transceiver unit 111 to transmit the posi-
tioning results (S34). The location-related information trans-
ceiver unit 111 transmits the positioning results to the mobile
station 30 through the fixed communication network N and
the base station 20 by means of the CN unit 12 and the fixed
line IF unit 13. The wireless controller 32 of the mobile
station 30 outputs the received positioning results to the appli-
cation executing unit 33. The application executing unit 33
instructs the GUI unit 35 to display the positioning results
(S35). The GUT unit 35 displays the positioning results on the
display 30d (S36). FIG. 20 illustrates a positioning result
displayed on a display of a mobile station. In the present
embodiment, the mobile station 30 is located in a position of
the mesh ID “al” within the target area Al. Thus, as illus-
trated in FIG. 20, “al” indicating the location of the mobile
station 30 is emphatically displayed on the display 30d.

Here, it can be assumed that a plurality of positioning
results exist and the positioning device 10 cannot narrow the
location of the mobile station 30 into one of the positioning
results, because, for example, a plurality of mesh IDs have the
same square error calculated based on the least square
method. In this case, the positioning executing unit 115 nar-
rows the plurality of mesh IDs into a mesh ID having wireless
stability (standard deviation) other than “0”. Referring back
to FIG. 19, the directions and the orientations of the mesh IDs
“al” and “e5” are the same. In this case, if the mesh IDs “al”
and “e5” are selected as candidates of the positioning results
to being notified to the mobile station 30 and a value of
wireless stability corresponding to the mesh IDs “al” and
“e5” are “5” and “0”, respectively, the mesh ID “al” is
selected as a notification target to be provided to the mobile
station 30 because a value of wireless stability corresponding
to the mesh ID “al” is other than “0”. The location-related
information transceiver unit 111 sends the selected mesh ID
“al” back to the mobile station 30, as positioning results of
the current location of the mobile station 30.

Further, although the mesh IDs are narrowed as mentioned
above, ifa plurality of mesh IDs having wireless stability with
a value other than “0” exist, the positioning device 10 may
send the plurality of mesh IDs back to the mobile station 30.
In this case, the plurality of mesh IDs (e.g., al and b2) are
emphatically displayed as positioning results on the display
304 of the mobile station 30.

As described above, the positioning device 10 according to
the present embodiment includes the location-related infor-
mation transceiver unit 111, the direction/orientation deter-
mining unit 112 and the positioning executing unit 115. The
location-related information transceiver unit 111 receives
wireless quality information indicating wireless quality
between the mobile station 30 and the base station 20 and
information indicating a direction and orientation of the
mobile station 30. The direction/orientation determining unit
112 determines data to be used for measuring a location of the
mobile station 30 based on the direction and orientation,
among data (e.g., the RF patterns) in which regions (e.g.,
meshes) as location candidates of the mobile station 30 are set
being associated with the wireless quality information. The
positioning executing unit 115 measures a location of the
mobile station 30 based on the wireless quality information,
with reference to the data determined by the direction/orien-
tation determining unit 112.

Further, in the positioning device 10, the positioning
executing unit 115 may estimate a location corresponding to
wireless quality information most similar to the wireless
quality information transmitted from the mobile station 30,
among a plurality of wireless quality information set being
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associated with the regions in the aforementioned data, as a
current location of the mobile station 30. Accordingly, the
location of the mobile station 30 measured by the positioning
device 10 reflects changes in wireless quality information
based on the direction and orientation of the mobile station
30. As a result, the location of the mobile station 30 may be
accurately measured.

Further, in the positioning device 10, the location-related
information transceiver unit 111 may receive the wireless
quality information and information indicating the presence
or absence of an adjacent object with respect to the mobile
station 30, and the positioning executing unit 115 may mea-
sure a location of the mobile station 30 based on the wireless
quality information and the presence and absence of the adja-
cent object. Also, in the positioning device 10, the location-
related information transceiver unit 111 may receive the wire-
less quality information measured at a plurality of points in
time. The positioning executing unit 115 may calculate sta-
bility (e.g., fluctuation) of wireless quality between the
mobile station 30 and the base station 20 by using the wireless
quality information measured at the plurality of points in
time, and measure the location of the mobile station 30 based
on the wireless quality information and the stability. Accord-
ingly, the surrounding situation or wireless propagation state
of the mobile station 30 may be reflected in the positioning
results, thereby allowing for measuring the location of the
mobile station 30 with higher precision.

Further, in the foregoing embodiment, when determining
the situation number (see FIG. 17), the positioning device 10
determines the situation number based on the presence or
absence of an adjacent object or whether or not the mobile
station 30 is in contact with an adjacent object. However,
without being limited thereto, the positioning device 10 may
determine the situation number in consideration of a distance
between the mobile station 30 and the adjacent object. For
example, even though other conditions (the direction number,
the angular accelerometer value and the like) are the same, it
is supposed that a wireless propagation loss value will
increase as the distance between the mobile station 30 and the
adjacent object decreases, and conversely, will decrease as
the distance increases. Thus, the positioning device 10 may
set situations more minutely by appropriately changing the
wireless propagation loss value set in the situation determin-
ing table T3 according to the distance between the mobile
station 30 and the adjacent object. As a result, the location of
the mobile station 30 may be more accurately measured by
reflecting the surrounding environment of the mobile station
30.

Also, in the foregoing embodiment, when determining the
situation number (see FIG. 17), the positioning device 10
determines the situation number based on whether the perim-
eter of the mobile station 30 is bright or dark. However,
without being limited to thereto, the positioning device 10
may determine the situation number in consideration of illu-
mination or luminance as indicators of brightness. For
example, even though other conditions (the direction number,
the angular accelerometer value and the like) are the same, it
is assumed that a wireless propagation loss value will
decrease as the perimeter of the mobile station 30 is brighter,
because it is likely that there are fewer shielding objects such
as a bag or a pocket if the perimeter of the mobile station 30
is bright. Conversely, it is assumed that a wireless propagation
loss value will increase as the perimeter of the mobile station
30 is darker, because shielding characteristics with respect to
the mobile station 30 is likely to be high if the perimeter of the
mobile station 30 is dark. Thus, the positioning device 10 may
cope with a high number of subdivided situations by appro-
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priately changing the wireless propagation loss value set in
the situation determining table T3, according to the illumina-
tion or luminance. As a result, the location of the mobile
station 30 may be more accurately measured by reflecting the
environment on which the mobile station 30 is placed.

In the foregoing embodiment, LTE standardized by the
3GPP was employed as an air interface for illustration, but the
positioning system 1 may also be applicable to W-CDMA.. In
W-CDMA, the positioning system 1 may cope with the fore-
going positioning technique by using Received Signal Code
Power (RSCP) and Common Pilot Channel Energy per chip
to Noise ratio (CPICH_Ec/No) as wireless quality informa-
tion replacing RSRP and RSRQ, respectively. Further, in the
foregoing embodiment, a smart phone having various sensors
mounted therein was employed as the mobile station 30 for
illustration. However, without being limited thereto, the
present disclosure may also be applicable to various commu-
nication devices capable of measuring wireless quality infor-
mation such as cellular phones and personal digital assistant
(PDA).

In addition, the physical configuration of the respective
components of the positioning device 10 may not be limited
to the configuration illustrated in FIG. 1. For example, spe-
cific aspects of distribution and/or integration of the respec-
tive components are not limited to those illustrated in FIG. 1,
but may be configured such that all or some of the compo-
nents are functionally or physically distributed and/or inte-
grated by units according to various loads, usage situations or
the like. For example, the wireless stability determining unit
113 and the situation determining unit 114, or the RF pattern
data input unit 116 and the RF pattern matching DB 117 may
be integrated as a single component, respectively. Conversely,
regarding the location-related information transceiver unit
111, it may be divided into a portion for receiving information
to be used for positioning such as the wireless quality infor-
mation and a portion for transmitting positioning results to
the mobile station 30. Regarding the RF pattern data input
unit 116, it may be divided into a portion for calculating
wireless stability and a portion for associating wireless sta-
bility with a mesh ID and registering the same in the RF
pattern matching DB 117. Further, the memories 10¢ and 30¢
may be provided as external devices of the positioning device
10 and the MS 30 by way of a network or a cable, respectively.

According to one aspect of the positioning device disclosed
in the present disclosure, it is possible to measure a location of
a mobile station with a high degree of precision.

All examples and conditional language provided herein are
intended for the pedagogical purposes of aiding the reader in
understanding the disclosure and the concepts contributed by
the inventor to further the art, and are not to be construed as
limitations to such specifically recited examples and condi-
tions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the disclosure. Although one or more embodiments
of the present disclosure have been described in detail, it
should be understood that the various changes, substitutions,
and alterations could be made hereto without departing from
the spirit and scope of the disclosure.

What is claimed is:

1. A positioning device, comprising:

a processor configured to execute a positioning program;

and a memory configured to store the positioning program,

wherein the processor, based on the positioning pro-

gram, performs operations to:

receive wireless quality information indicating wireless
quality between a mobile station and a base station
and information indicating a direction and an angular



US 9,229,091 B2

17

accelerometer value of the mobile station, wherein the
wireless quality information is measured at a plurality
of points in time;

acquire measuring data to be used for measuring a loca-
tion of the mobile station based on the direction and
the orientation, from data in which each of regions as
location candidates of the mobile station is associated
with respective wireless qualify information;

measure the location of the mobile station based on the
wireless quality information and the measuring data;

calculate a stability of wireless quality between the
mobile station and the base station by using the wire-
less quality information measured at the plurality of
points in time;

determine whether to use the stability for measuring the
location of the mobile station based on the angular
accelerometer value;

and measure the location of the mobile station based on the

wireless quality information and the stability of wireless
quality in response to determining to use the stability.

2. The positioning device of claim 1, wherein the processor
estimates a location corresponding to wireless quality infor-
mation which is included in the data and is closest to the
wireless quality information transmitted from the mobile sta-
tion as the location of the mobile station.

3. The positioning device of claim 1, wherein the processor
receiving unit receives information indicating presence or
absence of an adjacent object to the mobile station, and
wherein the processor measures the location of the mobile
station based on the wireless quality information and the
information indicating the presence or absence of the adja-
cent object.

4. The positioning device of claim 1, wherein the direction
indicates a use state of the mobile station and the orientation
indicates a direction which the mobile station faces.

5. A positioning method for use in a positioning device, the
method comprising:

receiving wireless quality information indicating wireless

quality between a mobile station and a base station and
information indicating a direction and an angular accel-
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erometer value of the mobile station, wherein the wire-
less quality information is measured at a plurality of
points in time;

acquiring measuring data to be used for measuring a loca-
tion of the mobile station based on the direction and the
orientation, from among data in which each of regions as
location candidates of the mobile station are associated
with the wireless quality information;

measuring the current location of the mobile station based
on the wireless quality information and the measuring
data;

calculating a stability of wireless quality between the
mobile station and the base station by using the wireless
quality information measured at the plurality of points in
time;

determining whether to use the stability for measuring the
location of the mobile station based on the angular accel-
erometer value;

and measuring the location of the mobile station based on
the wireless quality information and the stability of
wireless quality in response to determining to use the
stability.

6. The positioning method of claim 5, further comprising,

estimating a location corresponding to wireless quality
information which is included in the data and is closest
to the wireless quality information transmitted from the
mobile station as the location of the mobile station.

7. The positioning method of claim 5, further comprising:

receiving information indicating presence or absence of an
adjacent object to the mobile station; and
measuring the location of the mobile station based on the
wireless quality information and the information indi-
cating the presence or absence of the adjacent object.
8. The positioning method of claim 5, wherein the direction
indicates a use state of the mobile station and the orientation
indicates a direction which the mobile station faces.
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